We establish a sharp inequality for multilinear Littlewood-Paley operator. As application, we obtain the weighted norm inequalities and L log L type endpoint estimate for the multilinear operator.
Introduction and result
Let c be a function on R n which satisfies the following properties: (1) Ð cðxÞ dx ¼ 0, (2) jcðxÞj a Cð1 þ jxjÞ Àðnþ1Þ , (3) jcðx þ yÞ À cðxÞj a Cj yjð1 þ jxjÞ Àðnþ2Þ when 2jyj < jxj; Let m be a positive integer and A be a function on R n . We denote that GðxÞ ¼ fðy; tÞ A R and c t ðxÞ ¼ t Àn cðx=tÞ for t > 0. We write F t ð f ÞðxÞ ¼ f Ã c t ðxÞ. We also define that which is the Littlewood-Paley operator (see [12] [9] ), while when m > 0, it is non-trivial generalizations of the commutators. It is well known that multilinear operators are of great interest in harmonic analysis and have been widely studied by many authors (see [1] [2] [3] [4] [5] ). In [8] , authors establish a variant sharp estimate for the multilinear singular integral operators. The main purpose of this paper is to establish a sharp estimate for the multilinear Littlewood-Paley operator, then the weighted norm inequalities and the L log L type endpoint estimate for the multilinear operator are obtained by using the sharp estimate. We point out that some of our ideas come from [8] and [10] . First, let us introduce some notation (see [6] [7] [10]).
For any locally integrable function f , the sharp function of f is defined by
where, and in what follows, Q will denote a cube with sides parallel to the axes, and f Q ¼ jQj À1 Ð Q f ðxÞ dx. It is well-known that
We say that f belongs to
Let M be the Hardy-Littlewood maximal operator, that is
Mf ðxÞ ¼ sup
we write that M p f ¼ ðMð f p ÞÞ 1=p , for k A N, we denote by M k the operator M iterated k times, i.e., Let B be a Young function andB B be the complementary associated to B, we denote that, for a function f
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The main Young function to be using in this paper is BðtÞ ¼ tð1 þ log þ tÞ and its complementaryB B ¼ exp t, the corresponding maximal denoted by M L log L and M exp L . We have the generalized Holder's inequality (see [10] 
We denote the Muckenhoupt weights by A p for 1 a p < y (see [6] ). Now we state the results in this paper as following. 
wðxÞ dx:
As in [10] , Theorem 2 and 3 follow from Theorem 1 and the boundedness of S c with M. So we only need to prove Theorem 1.
Lemma 1 (Kolmogorov, [7, p. 485] ). Let 0 < p < q < y and for any function f b 0. We define that
where the sup is taken for all measurable sets E with 0 < jEj < y. Then
Lemma 2 ([10, p. 165]). Let w A A 1 . Then there exists a constant C > 0 such that for any function f and for all l > 0, ; whereQ Qðx; yÞ is the cube centered at x and having side length 5 ffiffi ffi n p jx À yj.
Proof. By Minkowski inequality and the condition of c, we have 
Proof of Theorems
We first prove Theorem 1.
Proof of Theorem 1. Forx x A R n , let Q ¼ Qðx 0 ; lÞ be a cube centered at x 0 and having side length l such thatx x A Q. It is su‰ce to prove for f A C y 0 ðR n Þ and some constant C 0 , the following inequality holds:
a CM 2 f ðx xÞ: 
Now, let us estimate I ; II and III , respectively. First, for x A Q and y AQ Q, using Lemma 2, we get
thus, by Lemma 1 and the weak type ð1; 1Þ of S c (see [9] [12]), we obtain
For II , similar to the proof of I , we get
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Now let us estimate III . We write 
Note that jx À zj @ jx 0 À zj for x A Q and z A R n nQ Q. By Lemma 3 and the following inequality (see [7] )
we know that, for x A Q and z A 2 thus, similar to the proof of Lemma 4
For III 3 , similar to the proof of Lemma 4, we obtain
Â jw GðxÞ ð y; tÞ À w Gðx 0 Þ ðy; tÞj This completes the proof of Theorem 1.
From Theorem 1 and the weighted boundedness of S c and M, we may obtain the conclusion of Theorem 2.
From Theorem 1 and Lemma 2, we may obtain the conclusion of Theorem 3.
